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Alkanephosphonic Acids and Derivatives 
By HARRY W. COOVER* 


This article is a brief summary of the al- 
kanephosphonic acids and their deriva- 
tives, that is, those compounds having 
one carbon-to-phosphorus bond and in 
which the phosphorus atom is in its pen- 
tavalent state. 

A scientifically planned study of or- 
ganophosphorus compounds was first 
begun in the early part of the nineteenth 
century. In spite of this, the infrequent 
references to these compounds in the 
literature and in standard textbooks 
show that this branch of organic chem- 
istry has had a rather slow development 
compared with that of other branches. 
More recently, however, interest in or- 
ganophosphorus compounds has been re- 
vived. This renewed interest is, no doubt, 
the direct result of the many valuable 
uses that are being found for these com- 
pounds as solvents, insecticides, plasti- 
cizers, stabilizers, and flameproofing 


agents (1). Recently, several pertinent 


publications have appeared. The book, 
“Organophosphorus Compounds,” by 
Kosolapoff (2), and review articles by 
Atherton (3), Saunders (4), and Martin 
(5) deserve special mention. 

The nomenclature of organophos- 
phorus compounds has been confusing 
and often inconsistent, but steps are now 
being taken towards standardization.** 





*Research Laboratory, Tennessee Eastman Com- 
pany, Kingsport, Tennessee. 

**A.C.S. Committee on Organic Phosphorus No- 
menclature, Chicago, Sept. 3, 8, 1950. 





The system followed here is that adopted 
by Chemical Abstracts (6), and a few 
examples will illustrate its usage. Mono- 
basic organophosphorus acids contain in 
as a part of the suffix. For example, 
(CH;)2P(OH) is named dimethylphos- 
phimous acid, and (CH;)2,P(O)OH is 
dimethylphosphimic acid. The ous and ic 
endings of the suffix indicate, respective- 
ly, the trivalent and the pentavalent 
oxidation states of the phosphorus atom. 
Dibasic organophosphorus acids contain 
on in the suffix. For example, CH;P(OH), 
is methanephosphonous acid, and CH3- 
PO(OH): is methanephosphonic acid. 

It should be noted that, in the mono- 
basic acids, the alkyl groups attached to 
the phosphorus atom are named as such 
(dimethylphosphinous acid), whereas, in 
dibasic acids, the alkyl group attached 
to phosphorus is designated as an alkane 
(methanephosphonous acid). 

The nomenclature of halogen deriv- 
atives is exemplified by: CH;P(O)Cl.- 
methanephosphony] dichloride; (CHs)>- 
P(O)Cl-dimethylphosphony! chloride; 
(CH;O)P(O)Cl-methyl dichlorophos- 
phate; (CH;O).P(O)Cl-dimethy1 chloro- 
phosphate. 

Examples of amide nomenclature are 
as follows: CsH;sP(O)(NHCHs3).-N,N’- 
dimethylbenzenephosphondiamide; 
(CsH;0) P(O) (NHCHs)2—phenyl-N,N’- 
dimethyldiamidophosphate. 

The preparation of alkanephosphonic 


acids and derivatives may be accom- 
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plished by twelve general methods. 
1. Oxidation of Primary Phosphines and 
Derivatives 

The reaction may be carried out with 
different oxidizing agents, such as potas- 
sium permanganate (7), hydrogen per- 
oxide (8), and fuming nitric acid (g): 


HNOs 
RPH: ——>_RP(O)(OH)2. 


This method of preparation is hazardous 

and difficult to control. All phosphines 

oxidize quite readily in air. 

u1. Treatment of an Alkyl Halide with 

Ester Derivatives of Trivalent Phosphorus 
The alkanephosphonic acids and de- 

rivatives may be prepared by the fol- 

lowing type reaction: 

(RO)3sP + R’X —> (R’PCI(OR)3) —> 

R’P(O)(OR)2 + RX 


(RO)2:PONa + R’X — > R’P(O)(OR)2 + NaX. 


For reactive halides such as methyl 
iodide, the reaction takes place at room 
temperature, for example, with triethyl 
phosphite (10). With the higher-boiling 
alkyl halides, that is, where R’X is 
higher boiling than RX, the reaction is 
conveniently carried out by mixing 
equivalent amounts of reactants in a dis- 
tillation flask and heating at such a tem- 
perature that RX distills from the reac- 
tion mixture as it is formed. 

The reaction of an alky] halide and the 
sodium salt of a dialkyl hydrogen phos- 
phite is carried out by first converting 
the phosphite to the salt with sodium in 
an inert solvent, such as ether or ben- 
zene, and then adding the alkyl halide. 
The reactivity of the alkyl halide deter- 
mines the temperature used. 

Generally, only primary unsubstituted 
alkyl halides have been used, but some 
notable exceptions indicate that, under 
the proper conditions, secondary and 
tertiary alkyl halides may also undergo 
this reaction (11-16). When the reaction 
is complete, the precipitated salt 1s 
removed by washing, and the product 
purified by distillation. 

Amides of alkanephosphonic acids are 


prepared similarly by reacting an alkoxy- 
diaminophosphine with an alkyl halide: 


(R.N)2P(OR) + R’X —> 
R’P(O)(NR»)2 + RX. 


The amides may also be prepared from 
the alkanephosphonic acid chlorides, 
RPOCI,, and ethereal or aqueous solu- 
tions of ammonia or amines. 
ui. Treatment of Triaryl Phosphites with 
Alcohols 

Reaction of triaryl phosphites with 
alcohols can be carried out by heating 
the mixture at about 200 C: 


(ArO)3sP + 3ROH —> 
RP(O)(OR): + 3ArOH. 


The reaction is carried out, preferably, 
with a substantial excess of the alcohol, 
and satisfactory amounts of phosphonate 
are obtained when R is small. 

iv. Treatment of Hydrocarbons with Phos- 


phorus Trichloride 


The reaction of hydrocarbons with 


phosphorus trichloride in the presence of 


oxygen to give alkane- or cycloalkane- 
phosphony! dichlorides was discovered 
recently by Clayton and Jensen (17): 


Oz HOH 
PCl;s + RH —s RP(O)Ch ——}> 


RP(O) (OH):. 


v. Hydrolysis of an RCI PCl; AlCl; Com- 


plex 


Another very recent method of prep- 
aration of alkanephosphony] dichlorides 
involves the careful hydrolysis of a com- 
plex which has been formulated thus (18): 


RCI + PCls + AlCls ——> RCI-PCl3-AlCls. 


RCI-PCl;-AlCls + 7H.O ——~> 
AICls‘6H20 + RP(O)Chk + 2HCI. 


Hydrolysis of alkanephosphony] dichlo- 
rides, RP(O)Cl., by warm water, yields 
the corresponding phosphonic acids. 
vi. Addition of Phosphorus Chlorides to 
Olefins 

Phosphorus pentachloride has been 
added to olefins to give the correspond- 


ing alkanephosphonic acids (19-21): 
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PCl + RCH = CH: —~> 
HOH 


RCHCICH2-PCl, ——>> 
RCH = CHP(O)(OH): + HCI. 


Phosphorus pentachloride adds to mono- 
substituted acetylenes thus: 


PCI, + RCH=CH ——> 


HOH 
RCCl = 


CHPClL-——> 
RCCI = CHP(O) (OH). 


Phosphorus trichloride has been added 
to olefins in the presence of a peroxide 
catalyst to give the corresponding chloro- 
alkyldichlorophosphines (22), which are 
readily oxidizable to the phosphonates. 
vil. Addition of Phosphorus Trihalides to 
Carbonyl Compounds 

The addition of halides of trivalent 
phosphorus to carbonyl compounds is a 
general method of considerable value 
for the synthesis of hydroxyalkanephos- 
phonic acids and the compounds readily 
obtainable therefrom (23): 


PCl; + (CH3)2C = O —— > (CHs)2-C-O 
| / 


Py 
c’ | Nc 
Cl 
CHsCO2H 
———> (CHs)C-OH. 
| 
P=0O 
os 
OH OH 





The cyclic intermediate shown above has 
been proposed, although kinetic studies 
have shown that the rate of formation of 
such a cyclic adduct is inconsistent with 
the observed facts (24). Alkoxy- and 
dialkoxychlorophosphines also can_ be 
added to carbonyl compounds, according 
to the following equations (25): 


R’/OPCI. + RCHO + 2RCO:;:H ——>- 
RCH(OH)P(O)(OR’)(OH) + 2RCOCI. 


(R’O):PCl + RCHO + RCO.H —> 
RCH(OH)P(O)(OR): + RCOCI. 


Carbonyl compounds may be treated 
with phosphorus derivatives containing 
a real or potential phosphorus-hydrogen 
bond to yield the corresponding hydroxy- 


substituted derivatives. For example, 
hypophosphorus acid adds to aldehydes 
and ketones to give the corresponding 
hydroxyalkylphosphinic acid (26): 


H(O)PH(OH) + R2:C = O —> 
ReC(OH)P(O)H(OH) 


which may be oxidized to the correspond- 

ing hydroxyalkanephosphonic acid. 
Reactions with phosphorous acid yield 

hydroxyalkanephosphonic acids directly: 


H(O)P(OH)2 + R:C = O —> 
R2C(OH) P(O) (OH )». 


The reaction is conducted by heating the 
reactants on a water bath for a long 
period of time, frequently several days. 
vill. Addition of Dialkyl Hydrogen Phos- 
phonates with Activated Double Bonds 
Activated double bonds have been re- 
cently reported to undergo an addition 
reaction with dialkyl hydrogen phos- 
phonates, as shown in the following 
equation, where A is C=N, COOR, or a 
similar activating group (27): 
(RO)2P(O)H + RCH = CHA — > 
(RO)2P(O) CHRCH2A. 


1x. Treatment of Olefin Oxides with So- 
dium Dialkyl Phosphites 

Reaction of sodium dialkyl phosphites 
with ethylene oxide yields, on acidifica- 
tion, the dialkyl hydroxyalkanephos- 
phonate (28): 


Se 
(RO)2PONa + CH:CH:O0 ——>- 


: _ HOH 
(RO)2P(O)CH2:CH:ONa ———> 


(RO)2P(O)CH2CH:OH. 


x. Reactions of the Wurtz Type 
The Wurtz-type reaction with phos- 
phorus halides has been reported (29): 


XP(OR’)2 + RX + 2Na ——~> 
2NaX + RP(OR’)2. 


x1. Treatment of Alkanephosphonyl Di- 
chlorides with Alcohols and Phenols 
Alkanephosphony] dichlorides may be 
converted to esters by reaction with the 
desired alcohol, or phenol, in the pres- 
ence of the theoretical amount of a ter- 
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tiary amine (B), such as pyridine or a 
dialkylaniline (30, 31): 


RP(O)Cl: + 2R’OH + 2(B) —~> 
RP(O)(OR’): + 2(B)-Cl. 


Hydrolysis of phosphonic esters by 
hot hydrochloric or hydrobromic acid 
yields the free phosphonic acid. With 
concentrated acids, the ester group is 
eliminated as an alkyl halide. 
xu. Treatment of Trialkyl Halophos- 
phates with Diazomethane 

Reaction of a halophosphate with di- 
azomethane yields the corresponding 
halophosphonate (32): 


(RO)2P(O)F + CHCN: ——~> 
(RO)2P(O)CHeF + Ne. 


The physical and chemical properties 
of alkanephosphonic acids and deriva- 
tives are analogous to those of the alkane- 
sulfonic acids and derivatives. The al- 
kanephosphonic acids are solids and the 
lower members are deliquescent. They 
are among the most thermally stable 


derivatives of phosphorus. On strong 
heating, some anhydride formation takes 
place, but only heating to very high tem- 
peratures cleaves the carbon-phosphorus 
bond. The esters are high-boiling liquids 
of pleasant odor and may be used as al- 
kylating agents. The simple dialkyl- 
amides of alkanephosphonic acids are 
colorless oils, which dissolve easily in 
alcohol or ether, but sparingly in water. 
It has been generally noted that the 
organic compounds of nitrogen, sulfur, 
and arsenic can be related directly to the 
organophosphorus compounds. In this 
respect, the nitrogen-phosphorus anal- 
ogy is closer in the trivalent phosphorus 
compounds, which have the free electron 
pair; on the other hand, the sulfur-ar- 
senic-phosphorus analogy is closer in the 
pentavalent phosphorus compounds. 
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